ABSTRACT. The present investigation involves the meiotic studies on three populations of Cyathula capitata Moq. (family Amaranthaceae) from west Himalaya. All the three populations uniformly revealed chromosome count of 2n=34 which is the fi rst ever report for the species. Male meiosis was abnormal in all the populations characterized by occurrence of chromatin stickiness, laggards and bridges leading to abnormal microsporogenesis. The two populations showed the phenomenon of cytomixis resulting into heterogenous sized pollen grains.
Cyathula capitata Moq. (family Amaranthaceae), common name Roundhead Pastureweed, is straggling, sparsely hairy, perennial herb (or undershrub) with short petioled broadly ovate or obovate-oblong acuminate membranous leaves. Flowers are born in white glistening spherical or ellipsoid clusters, 2-4 cm in diameter, simple or clustered in spikes. These plants are distributed towards the hillside in Bhutan, China, India, Nepal and Vietnam. In India, it is well distributed in temperate Himalaya from 1,600-2,800 m. It is an important medicinal plant. Dried roots of Cyathula capitata is important component of various Chinese folk remedies used to cure rheumatoid arthritis, rheumatic fever, eczema, erysipelas and amenorrhea (Anonymous 1975) . The paste of its stems and leaves is believed to help in joining the bones (Jain and Saklani 1991) . The plants are rich source of ecdysteroids which possess numerous pharmacological effects (Mansury et al. 2010) . A number of insect moulting substances (capitasterone, amarasterone A and B), insect metamorphosing substances (sengosterone, cyasterone and isocyasterone) and metabolite of insect metamorphosing substances (poststerone) have been isolated from Cyathula capitata (Takemoto et al. 1968a,b; Hikino et al. 1970a,b; Hikino et al. 1971a,b) . According to Tian et al. (2010) plants are often used as adulterants in the renowned Chinese remedy Chuanniuxi (Radix Cyathule). As a part of a project on evaluation of west Himalayan germplasm of various medicinal plants, presently, cytological investigation of various populations of Cyathula capitata Moq. has been carried out.
MATERIAL AND METHODS
The meiotic studies were carried out on plants belonging to three populations of C. capitata growing in Himachal Pradesh state of India (Table 1 ). The voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi university, Patiala (PUN). The young unopened fl oral buds were fi xed in Carnoy's fi xative (6 ethanol: 3 chloroform: 1 acetic acid v/v) for 24 h and then stored in 70% alcohol at 4 °C until use. For meiotic studies anthers were squashed in 2% acetocarmine (BDH product). A number of freshly prepared slides were carefully examined from each population to determine the chromosome count and meiotic behavior. Pollen fertility was estimated using glycerol-acetocarmine technique (Marks 1954) . Well fi lled pollen grains with stained nuclei were considered as apparently fertile while shriveled and unstained pollen grains were regarded as sterile. Photomicrographs of chromosome counts, various meiotic irregularities, tetrads and pollen grains were made from freshly prepared slides using Nikon 80iEclips Microscope.
RESULTS

Plants of various populations of Cyathula capitata
Moq. revealed the presence of 2n=34 which was confi rmed from number of PMC showing 17 bivalents at diakinesis (Fig. 1A) and 17:17 chromosome distribution at anaphase-I (Fig. 1B) . The meiotic analysis was carried out in the plants of all the populations and the study revealed that the meiotic course was abnormal characterized by the occurrence of laggard and bridges at anaphases (I & II) and telophases (I and II) ( Fig. 1F-H) . Stickiness of chromosomes was another common abnormality (Fig. 1J) . The data pertaining to meiotic analysis, pollen fertility and pollen size are presented in Table 1 . The phenomenon of cytomixis, involving transfer of chromatin material among neighbouring PMCs through cytomictic channels was observed in nearly 17% (Lohararhi, 2,300 m) and 28% (Dheot, 2,100 m) of the PMCs. Cytomixis was, however, absent in the plants collected from Multhan (1,900 m). In the plants of C. capitata collected from Lohararhi (2,300 m) population the migration of chromatin material involved 2-3 PMCs at a time (Figs. 1L, 1M ) whereas in the second population there was association of 2-25 PMCs at a time forming bigger groups. Cytomixis was observed as late as tetrad stage (Fig. 1N) . Both these populations exhibited extra chromatin material in 4.89% and 4.05% of the observed PMCs (Fig. 1I) . Occurrence of unoriented (Fig. 1C) . Very high frequencies of PMCs (up to 92%) depict chromatin stickiness in all the three populations involving almost all the stages of meiosis (Fig. 1J ). All these meiotic abnormalities resulted into abnormal microsporogenesis with formation of tetrad with micronuclei in all the studied populations (Fig. 1O) . Pollen fertility was not seriously affected and was observed to be very high (88.19 to 96.25%) in all the populations. However, heterogenous sized pollen grains (Fig. 1P) were observed in both the populations showing cytomixis. On the other hand, the plants of Multhan population (without cytomixis) exhibited the uniform sized pollen grains.
DISCUSSION
The cytological analysis revealed that the three analysed populations of Cyathula capitata Moq. have chromosome count of 2n=34 which is the fi rst ever report for the species. The species is diploid based on x=17, a common base number in the genus Cyathula. Cytomixis, the migration of chromatin material among the meiocytes has been reported earlier during microsporogenesis in a wide variety of fl owering plants (Sarvella 1958; HeslopHarrison 1966; Saggoo and Bir 1983; Latto et al. 2006; Singhal et al. 2008; Saggoo and Srivatava 2009) . Perusal of literature revealed cytomixis as a genetically controlled phenomenon infl uenced by physiological and environmental factors in different plant species (Omara 1976; Mantu and Sharma 1983; Falistocco et al. 1995; Bellucci et al. 2003; Ghanima and Talat 2003; Latto et al. 2006) . The occurance of heterogenous sized pollen grains in the two populations of C. capitata showing phenomenon of cytomixis and no variation in pollen size in the third population of the species (without phenomenon of cytomixis) clearly attribute the pollen size heterogeneity to cytomixis. This observation is in line with Singhal et al. (2008) . In the present investigation other meiotic abnormalities like laggards and bridges were observed at anaphases and telophases. The laggards may be formed due to abnormal spindle (Tarar and Dyansagar 1980) , failure of chromosome movement (Permjit and Grover 1985; Jayabalan and Soheir et al 1989) , fragments or delayed terminalization (Kumar and Tripathi 2007) . The bridge formation may be attributed to interlocking of bivalent chromosome (Bhattacharjee 1953) , failure of chiasmata in a bivalent to terminalize (Saylor and Smith 1966) or paracentric inversion (Sinha and Godward 1972) . These abnormalities cannot be related to cytomixis as far as present analysis is concerned. Another common aberration was stickiness of chromosomes. Chromosome stickiness may be due to genetic and environmental factors as well as genomic-environmental interaction (Nirmala and Rao 1996; Baptista-Giacomelli et al. 2000) .
